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L  INTRODUCTION 


The  project  work  described  herein  represents  a  portion  of 
a  grant  made  available  by  the  Army  to  promote  a  general  scientific 
advancement  in  the  area  of  case  materials  for  missiles.  This  specific 
project  is  concerned  with  the  synthetic  environment  stress  corrosion 
testing  of  specified  high  strength  steels  and  alloys.  The  research 
objectives  of  the  project  were  presented  in  the  July  Monthly  Scientific 
Report,  Report  No.  1. 

Natural  environmental  tests  on  high  strength  steels  and 
alloys  are  being  conducted  by  Aerojet  General  Corporation,  with  actual 
production  environments  and  rocket  propellant  environments  being 
utilized.  3y  prior  mutual  agreement,  the  same  steel  and  alloy  sheet 
material  will  be  used  for  both  projects  and  possible  heat  treatment 
variations  will  be  circumvented  by  exchanging  beat  treated  material 
whenever  possible. 

A  number  of  drawings  and  schematic  diagrams  of  apparatus 
and  test  methods  pertinent  to  the  project  have  been  presented  in  prior 
reports.  In  addition,  summarized  surveys  of  applicable  industrial  and 
military  literature  have  also  been  presented  previously  (August  and 


September  re  '■ 


This  report  presents  further  information  on  continuing 
U-bend  and  bent  beam  tests  for  the  assigned  alloys,  and  for  Rocolo 
270,  4137  Co.  and  Ardetorm  301  missile  steels. 


feasible)  the  transfer  of  samples  under  test  from  the  glass  containers 
to  the  epoxy-coated  test  tanks.  The  complet.rd  facility  is  illustrated  in 
Report  No.  7. 


Alloy  Sample  Material 

The  alloys  being  used  in  the  study  on  stress  corrosion 

include: 


1.  1 jots  Alloy:  Ladish  I>6Ac. 

2.  Si-Modified  4300  Series:  300  M. 

3.  Hot-Worked  Die  Steel:  Vascojet  1000. 

4.  Cold- Worked  FH  Steel:  AM  355. 

5.  Heat-Treated  PH  Steel:  PHI 5-7  Mo. 

6.  Titanium  Alloy:  B12GVCA. 

7.  Lo»  Alloy-Cobalt  Modified:  4137  Co. 

8.  Low  Alloy-Cobalt  Modified;  Rocoloy  27G. 

9.  Stretch-Formed  17/7  Stainless  Steel:  Ardeform  301. 
All  of  the  sample  material  is  being  tested  in  sheet  form 

and  was  procured  as  such. 

Chemical  analyses  for  the  above  listed  alloys  and  for  the 


comparative  heats  are  given  in  their  entirety  in  Table  I.  Physical 
properties  and  heat  treating  surveys  for  die  alloys  were  presented  in 


The  status  o£  the  alloy  sample  material  is  as  follows: 


o. 


1.  DoAc  -  ready  for  final  machining 

2.  30GM  -  readv  for  final  machining 

3.  Vascojet  idOO  -  ready  for  heat  treatment 

4.  AM355  -  under  test 

5.  PHI 5 -7 Mo  -  ready  for  heat  treatment 

6.  3120VCA  -  being  machined 

7.  4137  Co  -  under  test 

8-  Rocoloy  270  -  ready  for  final  machining 

91  Ardeform  301  -  under  test 

On  all  of  the  above  listed  alloys,  the  final  machining  step 
consists  of  ■wet  grinding  the  specimens  to  thickness  {.  051  *  001).  After 
heat  treating,  all  specimen  surfaces  (except  ends)  are  hand  polished 
•arith  240-gnt  emery  paper. 


I* 
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m.  EXPERIMENTAL- 


Sample  preparation  on  all  alloys  noted  in  the  aforementioned 
section  is  continuing. 

U-bend  stress  corrosion  testing  is  continuing  for  the  alloys, 
including  4137  Co,  AM355.  PH15-7Mo,  B120VCA  and  Ardeform  301. 

Bent  beam  specimens  of  4137  Co  and  AM355  are  still  under  test. 

The  foregoing  specimens  under  test  are  discussed  in  greater 
detail  as  follows: 

Bent  Beam  Tests 

Bent  beam  specimens  of  AM355  (secondary  direction)  are 
uewc. going  stress  corrosion  testing.  These  specimens  were  cold-rolled 
to  their  strength  level  (25C,  261.  302  Kpsi)  by  the  vendor.  To  date  there 
have  been  no  failures,  as  indicated  in  Table  H.  Visual  observation  shows 
no  indication  of  general  corrosion  on  the  AM355  specimens.  It  is  expected 
in  the  near  future  that  the  primary  direction  of  the  AM355  bent  beam 
specimens  will  also  be  unde  r  test. 

In  the  cooperative  program  with  G.  S-  Steel  Applied  Research 
Laboratory,  in  which  bent  beam  specimens  of  4137  Co  specimens  were 
exposed  to  three  natural  environments,  little  change  has  been  noted  in 


the  status  of  the  specimens. 


The  U.  S.  Steel  Applied  Research  program  utilizes  samples 
of  4137  Co  heat  treated  to  three  strength  levels  and  then  stressed  to  75% 
of  their  Y.5.  The  specimens  were  exposed  to  two  natural  environments: 
Kure  Beach,  N.  C.  (marine)  and  Monroeville  (semi-industrial).  Table 
III  gives  the  cumulative  data  on  the  specimens  to  date.  It  may  be  noted 
that  the  status  of  the  specimens  has  not  changed  over  the  past  few 
months. 

The  program  mj  4137  Co  bent  beam  specimens  conducted 
by  this  Project  utilizee  the  same  heat  of  sample  material  and  the  same 
heat-treating  procedures-  An  industrir.1  environment,  Pittsburgh,  Pa., 
was  chosen  for  testing.  Specimens  of  the  three  Y.S.  levels  were  stressed 
t'  ?5^>  and  9 Op  of  their  Y.S.  The  cumulative  results  on  the 

specimens  used  by  project  personnel  is  given  in  Table  IV.  It  may  be 
noted  that  very  little  change  has  taken  place  over  the  last  few  months 
and  only  scattered  failures  nave  been  reported. 


U-3end  Tests 

The  U-bend  specimens  c»  die  high  Y.S. ,  primary  direction, 
of  AM355  are  presented  in  Table  V.  Since  the  specimens  are  only  from 
one  strength  level  and  one  direc— on,  no  correlation  can  b*-  made  between 
U-bend  and  bent  beam  results  for  AM 355.  The  remainder  of  the  U -bends 
for  both  directions  and  all  strength  levels  are  expected  to  be  und=?  test  m 
the  nca 


—  t.. 


♦  ■  J  ▼*  ;  j.  3'J^V:. 

•  t*  . 

'  <p*-  •  ; 


8. 

It  can  be  seen  from  Table  VI  that  no  failures  have  occurred 
with  the  312CVCA  U-bends.  These  specimens  are.  no-- ever,  from  the 
lowest  strength  level  (135  has!)  and  the  secondary  direction. 

The  U-bend  specimens  of  the  PH!5-7Mo  alloy  are  still 
undergoing  testing.  It  is  shows  in  Table  YU  that  no  failures  have 
occurred  to  date.  The  specimens  were  taken  in  bom  the  primary  and 
secondary  directions  and  wer.  cold- rolled  to  a  strength  level  of 
approximately  193  Kpsi  by  the  vendor. 

Additional  U-bend  specimens  of  PK15-7Mo  and  AM355  are 
being  tested  in  three  additional  test  solutions  above  and  beyond  those 
assigned  for  mis  project.  These  test  solutions  Include: 

1.  a  chlorinated  non-hvdrocarbor  (CCl^); 

2.  a  non-chlorinated  hydrocarbon  (C.H,.,);  and 

3.  a  chlorinated  hydrocarbon  (C,H,C1^). 

Table  YiU  ;n;  cumulative  results  on  me  aforementioned  test. 

No  recent  failures  have  resulted  from  the  foregoing  tests,  exclusive 
of  the  one  early  failure  of  a  ?HI5-7Mo  sample  in  CC1_.. 

A r deform  301  specimen  testing  is  continuing  in  the  five  test 
solutions,  namely:  NaCl.  NaNO..  Na-,50^,  NaPO-  and  Na,5.  The 
cumulative  data  on  sample  No.  1  of  the  Ardeform  301  material  is  given 
in  Table  IX.  The  results  indicate  a  susceptibility  of  the  Ardeform  301 
in  the  one  molar  NaCI  test  solution.  Sample  No-  -  o:  the  A r deform  501 


3 


does  not  show  the  same  degree  of  scseeptibiiitj;  as  shown  in  Table  X. 
Monthly  Progress  Report  No.  10  presents  the  sample  preparation 
information  lor  Samples  1  and  2. 

U-bend  tests  on  4U7  Co,  a  low  alloy  missile  steel,  are 
continuing.  It  can  be  seen  from  Table  XI  that  the  specimens  in  the  one 
molar  NaNO,  and  NaPO^  have  failed  for  all  three  strength  levels.  The 
Na,S  test  solution  appears  to  have  only  a  slight  effect  on  the  4137  Co 
specimens. 

The  4137  Co  results  on  se  effect  of  water  vapor  exposure 
are  presented  in  Table  XI i.  As  the  data  shows,  the  “Humid  Air”  test 
was  the  only  one  with  an  effect  on  the  specimens.  There  nave  been  no 
failures  with  the  specimens  tempered  at  UOO^F  in  the  "Humid  Air.  ” 


IV.  FUTURE  WORK 


1C. 


Sample  preparation,  heat  treatment,  me tallog raphic 
examination,  and  stress  corrosion  testing  —•ill  const! rate  the  main 
effort  of  the  project. 

Photo- micrographs  of  specimens  from  the  heat  treatment 
survey  will  be  presented  together  with  grain  size  determinations. 

Cumulative  test  results  on  bent  beam  and  U-bend  tests 
will  be  presented  as  they  become  available. 

Future  reports  will  be  presented  on  a  quarterly  rather 
than  a  monthly  basis. 


C.  J.  O-emgrr 
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